Summary Main aim of this paper is to compare the classification accuracies of glacier change detection by following classifiers: sub-pixel classification algorithm, indices based supervised classification and object based algorithm using Landsat imageries. It was observed that shadow effect was not removed in sub-pixel based classification which was removed by the indices method. Further the accuracy was improved by object based classification. Objective of the paper is to analyse different classification algorithms and interpret which one gives the best results in mountainous regions. The study showed that object based method was best in mountainous regions as optimum results were obtained in the shadowed covered regions.
Introduction
Disappearance of some glaciers of the world is due to the global climatic heating and other correlated phenomena (Malinverni et al., 2008) . Glacial change caused as a result of natural calamity or increase in global warming due to human activities could be most effectively analysed by remote sensing temporal or spatial analysis (Zhou et al., 2004) . The ଝ This article belongs to the special issue on Engineering and Material Sciences.
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use of multispectral images of different time intervals can help to determine the change in the glacier position. Sub pixel based classifications are less frequently used as they have difficulties in extracting the object of interest and also produce a considerable amount of inconsistent classification results. So due to this reason, a new object based method came into intervention. This algorithm is basically dependent on making segments for the image from which the required object is to be extracted. Additional information like textual or contextual is also required which improves the classification results. Segmentation is supported at various resolutions to distinguish variety of objects. Here we conducted many segmentation tests for successful segmentation, followed by object-based classification using several parameters. 
Study area
This study was conducted in part of Alaknanda basin located in Himalayas. Geographical coordinates of the area between 30
• 18 21.888 latitude and 79
• 48 46.944 longitude. Cloud free data was collected for this study (Fig. 1 ).
Methodology
Landsat TM and ETM+ satellite images of Alaknanda basin are collected for a duration of 16 years (1998, 2002, and 2013) . Operations were applied on the satellite images for removing the atmosphere induced errors. Further following classification techniques were applied on the images.
A. Sub-pixel based method: sub-pixel based procedures analyse the spectral properties of every pixel within the area of interest, without taking into account the spatial or contextual information related to the pixel of interest (Weih and Riggan, 2010) . ERDAS Imagine 2013 was used to perform sub-pixel based unsupervised classification. Pre-processing in sub pixel classification extracts the required background functions used in material of interest (MOI) classification and signature derivation. This step is followed by generation of environmental correction factors to produce environmentally corrected image, used for signature derivation and MOI classification. Thirdly, we perform signature derivation. This function allows to develop classifier signature used for classifying an image. Fourthly, we perform the MOI classification. Environment correction file, threshold value, false detection tolerance value and the image acts as its input parameters. This type of classification technique is dependent on statistical techniques like supervised or unsupervised classification (Matinfar et al., 2007) . B. Supervised classification using indices: in order to improve the accuracy results obtained by sub-pixel based classification, NDSI (normalised difference snow index) was calculated. The Image was rescaled in order to convert the pixel values from fraction to integers. Supervised classification technique was applied using different sets of parameters. It was observed that Maximum Likelihood gave the best results. The results obtained from this approach were quite good as compared to sub-pixel classification. This method was useful as it reduced the effect of shadows and normalised the images.
C. Object based method: this method takes the shape of the feature and also its spectral patterns into consideration. In this method, the image is initially divided into small segments and then these segments are classified. Segmentation principally means the grouping of picture elements by certain criteria of homogeneity (Willhauck et al., 2000) . There are three segmentation techniques namely: thresholding/clustering, region based, and edge based.
Two classes shape and spectral pattern were used for object segmentation. Spectral pattern was assigned more weightage (80%) compared to shape (20%) as it improves the accuracy of segmentation. The images were classified using the samples taken for each class. Classification accuracies assessment estimated that this approach serves to give the best results among all. The complete methodology is shown in Fig. 2 .
Accuracy assessment
Accuracy assessment was done for the above three techniques using ERDAS Imagine 2013 and ecognition software. Both the software's assess the accuracy by generating the error matrix. Accuracy assessment was done using random sampling technique for which around 110 random points were generated. Reference image for the region of study was superimposed to analyse the accuracy results. Table 1 represents the value of Kappa coefficient and overall accuracy. 
Results and discussion
The results obtained showed that the object based approach is more quick in computation and more efficient compared to the other two approaches. It also gives a better visualisation compared to the other two approaches due to taking in account the shape of the features. It was observed that the object based method gives more accurate results as compared to the other two approaches.
The sub-pixel based approach gave less accuracy due to the shadow effect. The results further illustrated that the classification results were smoother in case of object based classification while abrupt appearance could be seen in case of sub-pixel based classification. From Fig. 3 it is easily observed that the shadow area was not classified. Hence the results obtained were not so much accurate. When indices were applied, followed by the supervised classification, results were much better as shown in Fig. 4 . Finally we compared it with the object based classification for which the results are shown in Fig. 5 . Error matrix was created for accuracy assessment and it was seen that object based technique produced the highest value of kappa coefficient and overall accuracy.
